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(54) ELASTIC SURFACE WAVE OSCILLATOR 

(57)Abstract: 

PURPOSE: To increase the reliability of an 
oscillator, by connecting a resistance or an 
inductance in parallel to an elastic surface wave 
resonator, furthermore connecting a capacitor in 
series to the resonator and thus avoiding an 
application of the DC voltage to both ends of the 
resonator. 

CONSTITUTION: The coUector of a transistor 
(TR)l8 forming an amplifying part of an 
oscillator is connected to a power source 19, and 
a DC bias is applied to the base of TR18 by 
resistances (R)l5 and 16 to obtain an oscillation 
output through a terminal 21. While an elastic 
surface wave resonator 14, containing a surface 
wave energizing (receiving) transducer 2 at the 
center on a piezoelectric substrate 1 plus 
grating reflectors 3 and 4 at both the sides of the 
resonator respectively, possesses an equivalent 
circuit equal to a quartz oscillator. The resonator 14 is connected between the base of 
TR18 and an earth via a series capacitor (C) 24 with addition of an R14. In such 
constitution, the DC voltage is applied across the resonator 14 just for a time of the time 
constant decided by the CR of C23 and R24 and only in case when the power source is 
connected, and an application of the DC voltage can be avoided thereafter. 
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Specification 

1 . Title of the Invention ELASTIC SURFACE WAVE OSCILLATOR 



2. Scope of the Patent Claim 

An elastic surface wave oscillator that uses an elastic surface wave resonator, wherein said elastic surface 
wave resonator is inserted into the feedback circuit of an oscillator by adding resistors or inductors in 
parallel on both ends of the resonator, and further connecting capacitors in series on at least one end of the 
resonator. 



3. Detailed Description of the Invention 

This invention is related to an elastic surface wave oscillator that uses an elastic surface wave resonator. 

As shown in Figure 1, elastic surface wave resonators are generally constructed by forming on piezoelectric 
substrate 1 transducer 2 for surface wave excitation (reception) and reflectors 3 and 4, on which multiple 
strips are periodically established at right angles in the direction of surface wave propagation. When the 
surface wave propagation speed is V s and the electrode period length is d, the center frequency f c of 
transducer 2 for surface wave excitation becomes f c = V s /2d, and the electrode width and gap between 
electrodes, which generally determine the electrode period length d, are configured such that they are equal 
to one another. [Continued on next page] 
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[Continued from previous page] This resonator resonates in the vicinity of the center frequency, so in the 
case in which the resonant frequency is high, the electrode width and gaps become extremely narrow from 
the aforementioned formula. For example, if the resonant frequency is assumed to be 100MHz, the 
electrode width and gaps become approximately 8um. 

Expressing with an electrical equivalent circuit, such an elastic surface wave resonator is exactly the same 
as a quartz oscillator, and it can be expressed as shown in Figure 2. Accordingly, it is possible to construct 
an elastic surface wave oscillator in the same manner as a quartz oscillator. 

Figure 3 shows the configuration of a conventional elastic surface wave oscillator (modified Kollwitz 
oscillator circuit) using such an elastic surface wave resonator. However, in this oscillator, as can be seen 
from the circuit diagram, a direct-current voltage for the bias of transistor 6 was applied to elastic surface 
wave resonator 5. For example, in the case in which this direct-current voltage is 3V, the electrode gaps 
are approximately 8 urn when the oscillation frequency is 100MHz, as stated previously, so a direct-current 
voltage of 3.75 KV/cm is applied to the transducer for surface wave excitation (reception). [Continued on 
next page] 
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[Continued from previous page] This provokes the deterioration of the piezoelectric substrate and 
electrode materials used, and therefore there was the risk that the stability of the oscillation frequency and 
the change of properties over time would drastically deteriorate. Obviously, this becomes more severe as 
the oscillation frequency becomes high. Thereby, a method that cuts the direct current with capacitor C is 
generally considered, but the elastic surface wave resonator is expressed as shown in Figure 2, and it does 
not pass a direct current, so a direct-current voltage is applied to both ends of the elastic surface wave 
resonator. 

This invention was created based on the above circumstances, and the purpose is to provide a highly 
reliable elastic surface wave oscillator that is designed such that a direct-current voltage is not applied to 
both ends of the elastic surface wave resonator by using a configuration in which resistors or inductors are 
connected in parallel on the resonator, and capacitors are further connected in series on the resonator. 

Embodiments of the present invention will be explained in detail below with reference to the drawings. 
Figure 4 is the elastic surface wave oscillator circuit of one embodiment of the present invention. 

In the figure, as for transistor 18 that forms the amplifier of the oscillator, a collector is connected to power 
supply 19, and an emitter is connected through resistor 17. Moreover, bias resistors 15 and 16 are 
respectively connected between the collector and the base and between the base and the ground such that a 
direct-current bias is provided to the base of this transistor 18. Furthermore, between the emitter and base, 
the output terminal is drawn from the connection point of the two load capacitors 21 and 22. Moreover, 
capacitor 20 for high-frequency bypass is connected between the collector and ground of transistor 18. 

On the other hand, elastic surface wave resonator 14 has the structure shown in Figure 1, in which a 
transducer for surface wave excitation (reception) is established in the center of a LiTa0 3 substrate with a 
resonant frequency of 97.23MHz through an aluminum thin film, and two grating reflectors are established 
on both sides of this. Moreover, the equivalent circuit of this can be expressed with Figure 2, as stated 
previously, and the constants are Li = 0.55mH, Q = 0.0057PF, R x = 20Q, and C 0 = 4.2PF. This elastic 
surface wave resonator 14 is connected between the base and ground of transistor 18, but one end of elastic 
surface resonator 14 is not directly connected to the base of transistor 18 as with conventional technology, 
but it is rather connected through capacitor 23 (0.01 uF), and resistor 24 (lOOKfi) is further connected in 
parallel with elastic surface wave resonator 14. 

Moreover, as for the values of this capacitor 23 and resistor 24, values that are sufficiently large such that 
they do not deteriorate the Q of elastic surface wave resonator 14 must be chosen. 

Through such a configuration, a direct-current voltage is applied to both ends of the elastic surface wave 
resonator for the short amount of time of a time constant determined with CR of capacitor 23 and resistor 
24 only in the case in which the power supply is connected, but it is possible to arrange such that a direct- 
current voltage is not applied to both ends of the elastic surface wave resonator thereafter. 

Figure 5 is another embodiment, and it is an example in which inductor 35 is used rather than resistor R. 
As for the value of the inductor in this case, as with the resistor, a value that is large such that it does not 
deteriorate the Q of the elastic surface wave resonator. 

Figure 6 is an example used for a filter that uses an elastic surface wave resonator, and the effects are 
exactly the same as the other embodiments. 

As described above, through the present invention, by using a configuration in which resistors or inductors 
are connected in parallel with the elastic surface wave resonator and capacitors are further connected in 
series with the resonator, it is possible to provide a highly reliable elastic surface oscillator in which a 
direct-current voltage is not applied to both ends of the elastic surface wave resonator, and which has 
favorable oscillation properties. 
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Moreover, this invention is not limited to any of the aforementioned embodiments, and it can be 
implemented by making various modifications without changing the scope of the invention. 

4. Brief Description of the Drawings 

Figure 1 is the schematic diagram of an example of an elastic surface wave resonator. Figure 2 is the 
electrical equivalent circuit of this resonator. Figure 3 is the configuration diagram of an example of a 
conventional elastic surface wave oscillator. Figure 4 is the circuit configuration diagram of an 
embodiment of this invention. Figure 5 is the circuit configuration diagram of another embodiment of this 
invention. Figure 6 is the circuit configuration diagram of an example of variation of this invention. 

1 . . .piezoelectric substrate, 

2. . .transducer for surface wave excitation (reception), 
[Continued on next page] 
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[Continued from previous page] 

3,4.. .grating reflectors, 

5 . . .elastic surface wave resonator, 

6... transistor, 

14... elastic surface wave resonator, 
15, 16, 17... bias resistor, 
18... transistor, 

19. . .bias direct-current power supply, 
20. . .high-frequency bypass capacitor, 
2 1 , 22 . . . load capacitors, 
23... capacitor, 
24... resistor. 



[See source for figures] 
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Figure 2 
Figure 3 
Figure 4 
Figure 5 
Figure 6 
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